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(67)  The present disclosure relates to an agricultural
system comprising: an agricultural baler (10) with a
bale-forming chamber (22); a plunger (23) movable in a
reciprocating manner within the bale-forming chamber
(22) for compressing plant matter in the bale-forming
chamber (22); and adriveline for moving the plunger with-
in the bale-forming chamber (22), wherein the driveline

comprises at least one bearing, the agricultural system
further comprising a control unit (44) configured to: re-
ceive load-data indicative of a load acting on the plunger
during operation of the baler; and determine a bear-
ing-status-signal indicative of wear status the bearing,
on the basis of the load-data.
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Description

Background of the Invention

[0001] The invention relates to an agricultural system
comprising an agricultural baler, particularly but not ex-
clusively, abalerimplement. Other aspects of the present
invention relate to a method of controlling an agricultural
baler and a corresponding computer program.

[0002] Balers are well known in agriculture and are
widely used to bale plant matter in fields into bales that
may be conveniently and effectively handled, stored and
used. Balers are known that bale forage products such
as grass and other leaves used as hay or other types of
animal feed; straw or other plant parts resulting as by-
products from a harvesting operation such as combine
harvesting; cotton; and other plant parts of commercial
or other value.

[0003] The majority of balers in use in Europe are de-
signed to be towed behind an agricultural tractor or an-
other towing vehicle that, under the control of an operator
and/or using operator-monitored software, moves the
baler about afield and provides power to operate internal
parts of the baler. The provision of power is effected by
way of a rotatable power take-off (PTO) shaft connected
to the rotary power take-off that typically is part of the
tractor.

[0004] Known designs of agricultural baler include a
pick-up, mounted at the front of the machine, that causes
the ingestion of plant matter into the interior of the ma-
chine as it moves about a field. Differing internal designs
of baler components are known in the part of the machine
downstream of the pick-up.

[0005] One commonplace type of baler is often re-
ferredtoas a "rectangular baler". This includes a cuboidal
bale-forming chamber in which the ingested plant matter
is compacted into a cuboidal shape by a piston or plunger
that reciprocates longitudinally back and forth inside the
bale-forming chamber between retracted and extended
positions. Charges of plant matter repeatedly are fed into
the bale-forming chamber from the pick-up by the mech-
anism of the baler. This action is timed with the motion
of the plunger such that feeding of plant matter coincides
with retraction of the plunger to one end of the bale-form-
ing chamber. The plant matter then is compacted by sub-
sequent extension strokes of the plunger along the bale-
forming chamber.

[0006] The reciprocal rectilinear motion of the plunger
is effected using a driveline that converts rotary drive
derived from the rotating PTO shaft, connected to the
baler above the pick-up, into reciprocal motion of the
plunger. This typically is achieved by changing, in the
driveline, the axis of the rotation from one parallel to the
longitudinal length of the baler to an axis of rotation trans-
verse thereto.

[0007] Such transverse-axis rotation is applied to a
crank thatis pivot-jointed to one end of a conrod the other
end of which is pivot-jointed to the plunger, that is move-
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ably captive inside the bale-forming chamber. As aresult,
rotation of the crank causes the reciprocal movement of
the plunger.

[0008] The driveline between the power take-off of the
tractor and the plunger includes a clutch that in a typical
case is formed of two or more dry friction plates that are
urged into mutual engagement by a hydraulic actuator
or spring arrangement. Additionally a heavy flywheel
(that in some baler designs weighs 600 kg or more) is
secured to a rotatable shaft that defines or is connected
to aninput shaftin turn connectedin use to the PTO shaft.
[0009] The flywheel is needed because the plunger
during its motion is associated with very high, and highly
varying, levels of power that might peak at 1500 Hp
(about 1100 kW). In the absence of the flywheel it might
be impossible for the rotary power take-off of a tractor to
provide sufficient power to move the plunger, and very
high forces might be transmitted back towards the tractor
via the PTO shaft potentially causing damage to the baler
or tractor or making the tractor-baler combination difficult
to control.

[0010] The flywheel and the plunger present a system
having a high level of inertia and, in some cases, me-
chanical resistance (especially when the driveline is at
rest or is moving slowly). The inertia and mechanical re-
sistance can be increased by factors such as:

- Theat-restplunger position causing an unfavourable
conrod transmission angle with the consequence
that plunger movement is difficult to initiate;

- Plant matter in the bale-forming chamber resisting
movement of the plunger;
and/or

- Larger, less compressible items, such as tree
branches, litter and stones, impeding movement of
the plunger in the bale-forming chamber.

[0011] Often the output power of the tractor that is con-
nected to tow and power the baler is poorly matched to
the energy requirements of such a system, and in some
cases, itis not known what the power output of the tractor
may be. Such factors lead to numerous practical prob-
lems.

[0012] If the power output of the tractor is high, and as
explained the inertia and/or mechanical resistance of the
flywheel/plunger system also is high, the engagement of
drive via a PTO shaft connected to the tractor can cause
excessive slip in the clutch.

[0013] Such slip can occur suddenly, especially when
the power output of the tractor is unexpectedly high or is
poorly controlled by the tractor driver. The slipping arises
instead of movement of the plunger as is desired, be-
cause at such a time the driveline components on the
flywheel/plunger side of the clutch may effectively appear
as a very high or infinite resistance to the motion of the
PTO shaft.

[0014] Slipping of the clutch can cause a very rapid
temperature increase in the parts of the clutch. This gives
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rise to premature failure of the friction material of the
clutch plates, with clutch burn-out sometimes occurring
just afew seconds (e.g. 1 - 5 seconds) after engagement
of rotary drive in the PTO shaft.

[0015] Clutch burn-out of this kind is highly inconven-
ient, as a minimum requiring replacement of part or all
of the clutch. It may be necessary to wait a lengthy period
after burn-out has occurred until the parts of the clutch
are cool enough to be handled during replacement. The
location of the clutch parts may mean that substantial
dismantling of the baler is necessary before the clutch
can be replaced. The friction plates and parts connected
to them may be distorted or welded togetherin ways mak-
ing their replacement difficult and time-consuming.
[0016] Even if the clutch does not burn out as a result
of excessive slip, such a phenomenon shortens the serv-
ice life of the clutch and presents a significant fire risk
(for example in the event of dry plant matter or other
combustible material such as hydraulic fluid coming into
contact with the overheated clutch or other driveline
parts). A fire in a baler typically presents a serious risk
to the safety of personnel nearby and a risk of damage
to other machinery such as a towing tractor.

[0017] Also such an event nearly always results in the
burning of valuable plant matter lying in a field; and since
balers frequently operate in locations removed from pub-
lic roads it can be difficult for fire tenders to provide as-
sistance.

[0018] Other problems arise if the power output of the
towing tractor is too low.

[0019] In such a situation the energy of the PTO shaft
may be insufficient to cause either movement of the
plunger or slipping of the baler driveline clutch, with the
result that on engagement of the power take-off the en-
gine of the tractor stalls. This may cause damage to the
power take-off components or in some cases the engine
of the tractor. Even if these outcomes do not occur, the
inevitable interruptions in the baling activity are undesir-
able because of their adverse effect on bale quality and
integrity and the wasting of commercially valuable plant
matter.

[0020] Some tractor power take-offs include one or
more PTO clutches intended to protect the tractor engine
by preventing stalling caused as described above. In
such systems although engagement of rotary drive via
the power take-off would not result in engine damage, a
likely outcome is inconsistent baling resulting from the
failure to drive the plunger. Moreover in some cases var-
ious forms of manual (operator) intervention may be re-
quired. This adversely affects the efficiency of baling op-
erations.

[0021] A tractor operator who becomes aware that the
tractor is under-powered as explained may adjust the
settings of the baler e.g. during start-up in order to reduce
the density of the bales produced by the machine to levels
appropriate to the power output of the tractor. Although
this may avoid problems such as those explained above,
the resultmay be alow-density bale the commercial value
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of which is less than a bale of higher density.

[0022] Particularly, in high density baling the loads on
the plunger and the driveline moving the plunger within
the bale chamber are significant. Over time, such loads
will result in wear of the driveline parts, particularly bear-
ings. Ifbearing failure is not detected promptly, excessive
heat may be generated, possibly leading to fires within
the baler.

[0023] The present disclosure seeks to solve or amel-
iorate one or more problems of prior art balers.

[0024] Embodiments of the disclosure are suitable for
inclusion in all baler types and machinery combinations
disclosed herein. The disclosure of embodiments or parts
of embodiments herein includes their disclosure in com-
bination with all baler types and machinery combinations
herein, even if these are indicated as forming part of the
prior art. The terms "baler” and "baler" are used synon-
ymously herein and in the art generally. The term "power
take-off" is synonymous with the acronym "PTO".
[0025] The term "tractor” embraces a wide variety of
machines potentially capable of towing a baler, as will be
known to the person of skill in the art.

[0026] Theterm "clutch"exceptas otherwise explained
embraces any design of clutch that is suitable for trans-
ferring drive in the circumstances described.

[0027] The term "plant matter" and derivatives poten-
tially includes all types of matter that potentially may be
ingested into a baler for the purpose of being formed into
bales.

[0028] The terms "piston"and "plunger” in the context
of the principal, moveable, bale-forming part of a bale-
forming chamber are used synonymously herein.

Summary of the Invention

[0029] Aspects and embodiments of the disclosure
provide an agricultural baler and a method for controlling
an agricultural baler as claimed in the appended claims.
[0030] According to a first aspect of the present disclo-
sure, there is provided an agricultural system comprising
an agricultural baler that comprises:

a bale-forming chamber;

a plunger movable in a reciprocating manner within
the bale-forming chamber for compressing plant
matter in the bale-forming chamber; and

a driveline for moving the plunger within the bale-
forming chamber, wherein the driveline comprises
at least one bearing;

[0031] The systemfurther comprises acontrolunitcon-
figured to receive load-data indicative of a load acting on
the plunger during operation of the baler and configured
to determine a bearing-status-signal indicative of wear
status the bearing, on the basis of the load-data.

[0032] In another embodiment, determining the bear-
ing-status-signal comprises identifying non-contact-
load-values, representative of load values of the load-
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data that correspond to phases during the plunger oper-
ation in which the plunger is not in contact with plant
matter.

[0033] In another embodiment, the non-contact-load-
values correspond to load values of the load-data during
retraction of the plunger.

[0034] Inanother embodiment, the driveline comprises
at least one crank member for converting rotational mo-
tion of a crankshaft into a reciprocating motion of the
plunger, and wherein identifying non-contact-load-val-
ues comprises identifying load-data associated with pre-
determined angular positions of the crank or the crank-
shaft.

[0035] In another embodiment, determining the bear-
ing-status-signal comprises comparing one or more of
the non-contact-load-values to a first predetermined load
threshold.

[0036] In another embodiment, the control unit is con-
figured to generate a maintenance-signal for informing
the operator and/or requesting a bearing service if one
or more of the non-contact-load-values exceed the first
predetermined load threshold.

[0037] In another embodiment, determining the bear-
ing-status-signal comprises comparing one or more non-
contact-load-values to a second predetermined load
threshold, and wherein the control unit is configured to
automatically stop an operation of the agricultural baler,
if one or more of the non-contact-load-values exceed the
second predetermined load threshold.

[0038] Inanotherembodiment, the driveline comprises
at least one clutch arranged between an input shaft and
a flywheel of the baler, and wherein the control unit is
configured to automatically disengage the clutch, if one
or more of the non-contact-load-values exceed the first
or the second predetermined load threshold.

[0039] Inanother embodiment, the driveline comprises
at least one brake between an input shaft and a flywheel
of the baler, and wherein the control unit is configured to
automatically activate the break, if one or more of the
non-contact-load-values exceed the first or the second
predetermined load threshold.

[0040] In another embodiment, the agricultural baler
comprises a sensor arrangement for generating the load-
data, the sensor arrangement comprising at least one
load sensor configured to determine values of the load-
data during operation of the baler.

[0041] Inanother embodiment, the driveline comprises
at least one crank member for converting rotational mo-
tion of a crankshaft into a reciprocating motion of the
plunger, and wherein the at least one load sensor is ar-
ranged between the at least one crank member (33) and
the plunger.

[0042] Inanother embodiment, the driveline comprises
at least one conrod for connecting the at least one crank
member to the plunger, wherein the conrod has a first
end connected to the at least one crank member via the
at least one bearing, and/or wherein the conrod has a
second end connected to the plunger via the atleast one
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bearing, and wherein the load sensor is connected to the
at least one bearing.

[0043] In another embodiment, the at least one load
sensor is a force transducer for converting the plunger
load into an electrical signal.

[0044] According to another aspect of the present dis-
closure, there is provided a computer-implemented
method for controlling an agricultural baler, said baler
comprising a bale-forming chamber, a plunger movable
in a reciprocating manner within the bale-forming cham-
ber for compressing plant matter in the bale-forming
chamber, and a driveline for moving the plunger within
the bale-forming chamber, wherein the driveline compris-
es atleast one bearing. The method comprises receiving
load-data indicative of a load acting on the plunger during
operation of the baler and determining a bearing-status-
signal indicative of wear status the bearing, on the basis
of the load-data.

[0045] According to another aspect of the present dis-
closure, there is provided a computer program configured
to perform the above method or to configure the above
control unit.

[0046] According to another aspect of the present dis-
closure, there is provided an agricultural machinery com-
prising any agricultural baler disclosed herein (e.g. a bal-
er implement), a control unit and an agricultural vehicle
for transporting the agricultural baler implement. There
may be provided a computer program, which when run
on a computer, causes the computer to configure any
apparatus, including a control unit, disclosed herein or
perform any method disclosed herein. The computer pro-
gram may be a software implementation, and the com-
puter may be considered as any appropriate hardware,
including a digital signal processor, a microcontroller,and
an implementation in read only memory (ROM), erasable
programmable read only memory (EPROM) or electron-
ically erasable programmable read only memory (EEP-
ROM), as non-limiting examples. The software may be
an assembly program.

[0047] The computer program may be provided on a
computer readable medium, which may be a physical
computer readable medium such as a disc or a memory
device or may be embodied as a transient signal. Such
a transient signal may be a network download, including
an internet download.

[0048] The agricultural work vehicle (or tractor) may
include one or more control devices, such as but not lim-
ited to programmable or non-programmable processors.
Similarly, the baler implement may include one or more
control devices, such as but not limited to programmable
or non-programmable processors. Additionally, or alter-
natively, the baler implement may be controlled by one
or more control devices of the agricultural work vehicle.
Similarly, the agricultural work vehicle may be controlled
by one or more control devices of the baler implement.
[0049] The agricultural work vehicle and/or the baler
implement may be remote controlled, e.g. from a farm
office. Accordingly, the agricultural work vehicle may in-
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clude one or more communication interfaces for connec-
tion to a remote processor and/or a remote controller.
Similarly, the baler implement may include one or more
communication interfaces for connection to a remote
processor and/or a remote controller.

[0050] Withinthe scope of this application itis express-
ly intended that the various aspects, embodiments, ex-
amples and alternatives set out in the preceding para-
graphs, and the claims and/or the following description
and drawings, and in particular the individual features
thereof, may be taken independently or in any combina-
tion. That s, all embodiments and all features of any em-
bodiment can be combined in any way and/or combina-
tion, unless such features are incompatible. The appli-
cantreserves the right to change any originally filed claim
or file any new claim accordingly, including the right to
amend any originally filed claim to depend from and/or
incorporate any feature of any other claim although not
originally claimed in that manner.

Brief Description of the Drawings

[0051] There now follows a description of preferred
embodiments of the invention, by way of non-limiting ex-
ample, with reference being made to the accompanying
drawings in which:

Figure 1 is a schematic representation of an agricul-
tural system comprising a baler implement and a
work vehicle;

Figure 2 is a cross-sectional view of a transmission,
forming part of the baler visible in Figure 1;

Figure 3 is a schematic flow chart of the method for
controlling an agricultural baler according to an em-
bodiment of the present disclosure;

Figure 4 is an example of plunger load-data repre-
sentative of a single plunger stroke of an agricultural
baler; and

Figure 5 is an example of plunger load-data repre-
sentative of a range of plunger strokes.

Detailed Description of the Drawings

[0052] Referring to the drawings a baler 10 is shown
being towed behind an agricultural work vehicle (towing
vehicle) that in the illustrated embodiment non-limitingly
is an agricultural tractor 11.

[0053] Thetractor11isaconventional tractorincluding
a vehicle frame/body 11a, rear-mounted cab 11b, front,
steerable, ground-engaging wheels 11c and rear, driven,
ground-engaging wheels 11d. Tractor 11 includes at its
rear end between the rear wheels 11d a power take-off
12 of a conventional design that includes a rotative cou-
pling for a PTO shaft 13 that extends rearwardly of the
tractor 11. The PTO 12 may be engaged to cause rotation
of the PTO shaft 13 or disengaged, such that the shaft
13 is not powered to rotate, for example through the op-
eration of a control lever or pushbutton.
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[0054] The tractor 11 may have any of a range of en-
gine power outputs including but not limited to 200 hp,
300 hp and 400 hp. The baler 10 is operable when towed
by any such tractor 11, without a need for adjustment or
modification, for the reasons explained below.

[0055] The PTO shaft 13 may be any of a variety of
lengths. A relatively short PTO shaft 13 and drawbar 14
(described below) minimises the distance between the
pick-up 19 (described below) of the baler 10 and the trac-
tor 10. This provides certain advantages, although in
some other respects a longer PTO shaft 13 may provide
good adjustment flexibility.

[0056] The partial driveline represented by the PTO 12
and PTO shaft 13 may in various types of tractor include
a PTO clutch 20 that as described above seeks to protect
the engine of the tractor 11 from damage caused e.g.
when an excessive loading on the PTO shaft causes en-
gine stalling. The PTO clutch 20 is shown schematically
in Figure 1. It may readily be envisaged by the person of
skill in the art and typically would be a one-way clutch of
a kind that permits free movement when rotating in one
direction, and transfers rotary drive via the PTO shaft 13
when rotating in the opposite direction. Other forms and
locations are possible in respect of the clutch 20.
[0057] Thebaler10,i.e.abaling implement, is secured
to the rear of the tractor 11 by way of a drawbar 14 that
typically is of an "A"-shape when viewed in plan and ex-
tends forwardly of the baler 10 below the PTO shaft 13.
The drawbar 14 is pivotably secured to a conventional
towing hitch at the rear of the tractor 11.

[0058] The baler 10includes a housing or cover 16 that
may take a variety of forms. The housing 16 in most baler
designs includes a section 16a that is open to permit
ejection of formed bales at the rear of the baler 10.
[0059] Panels defining the housing 16 further may be
openable or removable in order to permit maintenance
of the interior parts of the baler 10 replacement of bobbins
of twine used for tying completed bales or the clearance
of blockages that can arise for a variety of reasons.
[0060] The housing 16 of the baler 10 is secured to a
baler frame 17 selected parts 17a, 17b, 17¢, 17d of which
are illustrated in Figure 1, with the complete frame 17
being omitted for ease of illustration.

[0061] The baler 10is mobile and to this end it includes
secured to the frame 17 two or more ground-engaging
wheels 18.

[0062] In the embodiment illustrated, four wheels are
provided, being left and right front wheels and left and
right rear wheels 18. In Figure 1 the left-hand side front
and rear wheels are visible.

[0063] In this regard the front or forward end of the
baler 10 is the end of it that is closest to the towing tractor
11, and the terms "rear”, "left", "right", "upper”, "lower"
and derivative terms are interpreted accordingly and as
though an observer is looking forwardly along the baler
10.

[0064] The wheels 18 may be mounted relative to the
frame 17 by way of suspension components and passive
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or active steering components as would be known to the
person of skill in the art, or they may be mounted more
simply. The wheels 18 optionally may include tyres
and/or gripping elements that are omitted from Figure 1
for ease of viewing.

[0065] A pick-up 19 projects forwardly of the baler 10
and is arranged to collect cut plant matter 24 lying in a
field in which the baler 10 moves as influenced by the
motion of the tractor 11. The pick-up 19 passes the plant
matter to a conveyor 21. The conveyor 21 conveys the
plant matter inside the baler 10 where it undergoes bal-
ing.

[0066] Numerous designs of pick-up 19 and conveyor
21 are known in the baler art and fall within the scope of
embodiments disclosed herein. The precise designs of
the pick-up 19 and conveyor 21 are essentiallyimmaterial
to the nature and operation of the invention, and therefore
are not described in detail.

[0067] As mentioned, the baler 10 includes an internal
bale-forming chamber 22. This is an elongate, cuboidal
volume defined by chamber walls of which top and bottom
walls 22a and 22c are visible in Figure 1. The bale-form-
ing chamber 22 in a typical baler design extends in a fore
and aft direction in an upper part of the rear of the volume
enclosed by the housing 16.

[0068] The rear 22b of the bale-forming chamber co-
incides with the aforementioned open housing section
16a in order to allow ejection of completed bales in a per
se known manner.

[0069] A crop flow path exists inside the baler 10 be-
tween the conveyor 21 and the bale-forming chamber
22. The crop flow path may readily be envisaged and is
omitted from the figures for clarity.

[0070] The forwardmostend of the bale-forming cham-
ber 22 is essentially open. A plunger 23 occupies the
interior cross-section of the bale-forming chamber 22 and
is constrained to move longitudinally inside the chamber
22 from the open, forward end towards and away from
the rear 22b of the bale-forming chamber 22 as signified
by arrow A.

[0071] The PTO shaft 13 as mentioned may be pow-
ered to rotate, in virtually all tractors in a clockwise direc-
tion when viewed from behind the tractor 11. PTO shaft
13 is connected by way of at least one, and in practice
at least two, universal joint 26 to the forwardmost end of
a rotary input shaft 27 of the baler 10. The universal joint
26 in a well-known manner accommodates changes in
the relative orientation of the tractor 11 and baler 10 that
result from towing of the baler from place to place, e.g.
while the baler is working or when it is travelling between
fields.

[0072] The input shaft 27 is supported e.g. using jour-
nal bearings that are omitted from Figure 1 for ease of
viewing and connects by way of a driveline, described in
more detail below, to a rotatable flywheel 28.

[0073] Flywheel 28 is supported on a flywheel shaft 29
that also is supported using journal bearings, or a func-
tionally similar arrangement, that further is omitted from
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Figure 1. The functions of the flywheel 28 are as de-
scribed above, although as explained it is possible for
the flywheel 28 in embodiments of the invention to be
made considerably lighter than some prior art flywheels.
[0074] The rear end 29a of the flywheel shaft 29 is a
rotary input to a drive converter 31 or similar transmission
that by way of intermeshing gear components alters the
axis of rotation of rotative energy in the baler 10. This
drive converter 31 may be referred to as a main trans-
mission in some examples.

[0075] The nature of the drive converter 31 thus is such
that the longitudinally extending (with reference to the
elongate length of the baler 10 as illustrated) axis of ro-
tation of the flywheel shaft 29 becomes rotation about a
transversely extending axis of a crankshaft 32.

[0076] Thecrankshaft32isconnected toa pairof crank
members (only the right one is shown as 33) that protrude
from the drive converter 31 in a manner presenting free
ends. The pair of crank members and corresponding con-
rods (only the right one shown as 36) connect the crank-
shaft 32 of the drive converter 31 with the forward side
of the plunger 23. A first, right side crank member 33 has
a first end connected to the crankshaft 32 of the drive
converter 31. A second end of the first, right side crank
member 33 is connected to a first end 34 of a first, right
side conrod 36. The first, right side conrod 36 has a sec-
ond end 37 connected to the plunger 23. A second, left
side crank member (notshown) has afirstend connected
to the crankshaft 33 of the drive converter 31. A second
end of the second, left side crank member is connected
to a first end of a second, left side conrod (not shown).
The second, left side conrod has a second end (not
shown) connected to the plunger 23.

[0077] The first ends of the conrods (e.g. first end 34)
are connected to their respective crank members (e.g.
right side crank member 33) via rotational bearings (not
shown). The second ends of the conrods (e.g. second
end 37) are connected to the plunger 23 via rotational
bearings (not shown). Some or all of the bearings may
be provided with strain gauges that function as load cells
to enable determination of a load force experienced by
the plunger 23 during the baling process. The load cells
are preferably provided on both sides of the drive con-
verter 31, e.g. one on the first, right side conrod 36 and
one on the second, left side conrod (not shown). By pro-
viding load cells on both sides of the drive converter 31
(i.e. on both conrods), the loads acting on both the left
and right side of the plunger may be monitored. Of
course, load cells may be provided at any other point
suitable for detecting the load acting on the plunger dur-
ing the various phases of the stroke. The load force
sensed by the load cells is typically highest when the
plunger 23 engages with the crop in the bale-forming
chamber 22.

[0078] Asisapparentfrom Figure 1, therefore, rotation
of crankshaft 32 causes rotation of crank member 33, as
signified by arrow B, that gives rise to the rectilinear, re-
ciprocal motion of plunger 23 indicated by arrow A.
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[0079] In this regard it is somewhat arbitrary whether
crank 33 rotates clockwise or anticlockwise, since recip-
rocal motion of the plunger 23 may in an appropriately
designed set of driveline elements be achieved regard-
less of the direction of rotation of the crank 33. The actual
rotational direction of the crank 33 would be a conse-
quence of the internal design of the drive converter 31.
Such aspects are not relevant to an understanding of the
invention, and therefore are not provided in detail herein.
[0080] Charges of plant matter 24 conveyed inside the
baler 10 from the conveyor 21 repeatedly are atintervals
fed by internal components of the baler 10, that are omit-
ted from Figure 1 for clarity, into the interior of the bale-
forming chamber 22 for compaction by reason of the re-
ciprocal, rectilinear motion (arrow A) of the plunger 23.
The feeding of each charge of plant matter 24 is timed
to coincide with positioning of the plunger 23 at its re-
tracted, i.e. forwardmost position, with the result that the
plant matter 24 becomes compressed and compacted
by the movement of the plunger 23 into bale form after
it has been fed in to the bale-forming chamber 22.
[0081] The driveline defined between the input shaft
27 and the flywheel shaft 29 includes a transmission 38
that is described below in relation to Figures 2 and 3.
[0082] InFigures2and 3the transmission 38 connects
the rotary input shaft 27 to the flywheel shaft 29 at first
and second selectable transmission ratios defined by
driveline components within the transmission 38.
[0083] Afirsttransmission ratios is defined by mutually
meshing, rotary, toothed gears 39, 41 that each are sup-
ported for rotation within the transmission 38. The first
transmission ratio is a relatively great reduction ratio
transmission providing a high degree of mechanical ad-
vantage.

[0084] A second transmission ratio is defined by mu-
tually meshing, rotary, toothed gears 42, 43 that each
are supported for rotation within the transmission 38 ad-
jacent the gears 39, 41 in a manner defining a parallel
driveline to that representing the first transmission ratio.
The second transmission ratio is a relatively close reduc-
tion ratio transmission providing a higher speed of output
shaft rotation than the first transmission ratio.

[0085] The baler 10 includes a control unit 44, non-
limitingly illustrated schematically in Figure 1, in the form
of a programmable microprocessor. The baler 10 in-
cludes a source of electrical power, for the control unit
44, that in preferred embodiments may take the form of
a rotary generator that is driven directly or indirectly by
the PTO shaft, although other sources of electrical power
including batteries and other storage devices, or other
types of generator, are possible. Combinations of elec-
trical power sources furthermore are possible.

[0086] As indicated, the control unit may take a variety
of forms and need not be a control unit as illustrated, or
a single component.

[0087] The control unit 44 is capable (typically but not
necessarily as a result of software and/or firmware pro-
gramming) of selectively engaging the first or the second
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transmission ratio. The arrangement of the components
and/or the programming of the control unit 44 prevents
the first and second transmission ratios from being se-
lected simultaneously.

[0088] As best illustrated in Figures 2 and 3, the input
shaft 27 rigidly connects to an input gear shaft 46 that is
supported (non-limitingly in the embodiment illustrated
by way of journal bearings 47 at either end) for rotational
movement inside the transmission 38. The input gear
shaft 46 is locked to the gear 42 such that the gear 42
always rotates with the input gear shaft 46.

[0089] Theinputgearshaft46isalsolockedto aninput
side 48 of first transmission clutch 49 forming part of the
driveline. As a result the input side 48 of the first trans-
mission clutch 49 also rotates with the input gear shaft 46.
[0090] The first transmission clutch 49 is e.g. electri-
cally or electro-hydraulically activated in the described
embodiment, and is selectively engageable under com-
mand from the control unit 44. When engaged the output
side 51 of the first transmission clutch 49 is locked to the
input side 48 and rotates therewith.

[0091] The output side 51 of first transmission clutch
49 is locked to the gear 39 of the first transmission ratio
such that the gear 39 rotates with the output side 51.
[0092] Inthe illustrated embodiment the first transmis-
sion clutch 49 lies on the first gear shaft 46 intermediate
the gears 39 and 42, but as will occur to the person of
skill in the art this need not be the case, and other clutch
and gear position combinations are possible.

[0093] As explained the gears 42 and 43 are mutually
meshed, with the gear 43 supported on the rotational
intermediate gear shaft 52. The intermediate gear shaft
52 is supported (in the non-limiting example shown by
way of journal bearings 53 at either end) for rotation rel-
ative to the remainder of the transmission 38.

[0094] By reason of locking of the input gear shaft 46
to the gear 42, the gear 43 rotates whenever the input
gear shaft 46 rotates, at a speed, relative to the speed
of the input gear shaft 46, determined by the gear tooth
ratio between the gears 42 and 43. However, the gear
43 merely idles unless a second transmission clutch 54,
which may be of a similar design to the first transmission
clutch 49 and hence operable under command of the
control unit 44, is engaged.

[0095] In this respect, the intermediate gear shaft 52
islockedto aninputside 56 of second transmission clutch
54; and an output side 57 is locked to the gear 43. As a
result, when the clutch is engaged, rotation of gear 43 is
transmitted via the intermediate gear shaft 52.

[0096] The gear 39 is meshed with the gear 41 as ex-
plained. The gear 41 is locked to the intermediate gear
shaft 52. Clearly, therefore, to avoid locking up of the
transmission it is essential that only one of the transmis-
sion clutches 49, 54 is engaged at a time. When the first
transmission clutch 49 is engaged and the second trans-
mission clutch 54 is disengaged, drive from the input shaft
27 is transmitted via the meshed gears 39 and 41 to drive
intermediate gear shaft 52 in accordance with the first,
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reduction transmissionratio "G1" determined by the num-
bers of teeth of gears 39 and 41. At this time, the gears
42 and 43 rotate in an idling manner.

[0097] When the first transmission clutch 49 is disen-
gaged and the second transmission clutch 54 is engaged,
the drive of the input shaft 27 is transmitted via the gears
42 and 43 to the drive intermediate gear shaft 52 in ac-
cordance with the second transmission ratio "G2" deter-
mined by the numbers of teeth of the gears 42 and 43.
[0098] As explained herein, the first transmission ratio
G1 is a reduction ratio in which the speed ratio exceeds
1. This provides a beneficial mechanical advantage when
moving the flywheel 28 from rest. The second transmis-
sion ratio G2 is an accelerative ratio the speed ratio of
which is a value less than 1. This causes rotation of the
flywheel shaft 29 to be at a higher speed than that of the
PTO shaft 13.

[0099] It is possible for both the clutches 49, 52 to be
disengaged simultaneously. In that case gears 42 and
43 would rotate, but no drive would be transmitted to
intermediate gear shaft 52.

[0100] Theintermediate gear shaft52 includes, mount-
ed thereon, an optional brake 58 that may be employed
when both the transmission clutches 49, 52 are disen-
gaged to slow the flywheel shaft 29. The latter receives
the rotary drive of intermediate gear shaft 52, when one
of the transmission clutches 49, 54 is closed, via meshed
output gears 59, 61.

[0101] The numbers of teeth of the gears 39, 41, 42,
43, 59 and 61 may be varied extensively in all the gears
of the transmission 38 depending on the precise design
of the transmission 38. The overall numbers of drive-
transferring components in the transmission may be var-
ied. Also as explained the driveline elements defining the
transmission ratios need not be meshing, toothed gears
and instead may adopt a range of other forms, including
but not limited to the examples given above.

[0102] The transmission clutches 49 and 54 may be
for example electrically (e.g. solenoid) operated, electro-
mechanically operated or electro-hydraulically operated,
under the control of the control unit 44. Preferably, but
not essentially, the transmission clutches 49, 54 are
spooled wet clutches the nature of which is familiar to
the person of skill in the artand therefore does not require
describing in detail herein. Wet clutches generally are
highly suitable for computer or other electronic control,
leading to rapid clutch engagement and disengagement.
[0103] One form of control of the transmission clutches
49, 54 is by electrical control signals transmitted from the
control unit44 to the first and second transmission clutch-
es 49, 54. One form of control of the transmission clutch-
es 49, 54 is illustrated schematically by electrical control
signal line 66 (Figure 1) that transmits commands from
the control unit 44 to first transmission clutch 49; and
control line 67 that transmits commands from the control
unit 44 to second transmission clutch 54.

[0104] Two-way communication between the trans-
mission clutches 49, 54 and the control unit 44 optionally
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is possible. Using two-way control, the transmission
clutches 49, 54 can signify e.g. their operational (i.e. en-
gaged or disengaged) status, information on the condi-
tion of wear parts such as friction plates, levels of clutch
fluid in the event of the clutches being wet clutches as is
preferred and similar operational variables. The control
unit 44 can generate commands and/or warning signals
in dependence on the signals received from the trans-
mission clutches 49, 54.

[0105] The control unit 44 may further be connected
to a rotational speed sensor 68 and/or an oil temperature
sensor 73 via electric signal line 74.

[0106] The control unit 44 is capable of selectively dis-
engaging the rotary drive between the input shaft 27 and
the shaft 29 supporting the flywheel 28. This possibility
is explained further below in connection with operational
sequences made possible by the apparatus of the inven-
tion. The control unit 44 may also be capable of selec-
tively activating the brake 58 of the transmission 38. Ac-
tivation of the brake 58 will actively slow the rotational
speed of the flywheel shaft 29 and thus the speed of the
flywheel 28 connected to the flywheel shaft 28.

[0107] The baler 10 optionally mayinclude one or more
input devices 77, represented schematically and non-
limitingly in Figure 1, by means of which information on
the energy transmitted via the power take-off shaft 13
may be input to the control unit 44.

[0108] In Figure 1 an input device 77 is shown in the
form of a keypad connected to the control unit 44 via an
electrical cable 78, and using which e.g. the rated power
output of the tractor 11 can be input to the baler 10. The
control unit can select a set of decision values (such as
the preferred speed of plunger 23 at which to transition
from the first transmission ratio 39, 41 to the second
transmission ratio 42, 43) that are optimised for the input
power level.

[0109] The input device 77 may take a variety of other
forms. These include but are not limited to a code reader
that can read a code printed or affixed on part of the
tractor 11, e.g. adjacent the PTO; a near-field communi-
cations (NFC) device that establishes a communications
link with a control unit forming part of the tractor 11 in
order to download power output information; or a cable
connection between the control unit 44 and a counterpart
control unit forming part of the tractor 11.

[0110] The transmission 38 in preferred embodiments
includes a rigid housing 79 that may be formed e.g. by
casting from a metal alloy, especially a high stiffness,
lightweight alloy.

[0111] As explained the baler 10 includes a number of
frame elements 17. The housing 79 may be positioned
to interconnect two or more such frame members (e.g.
frame members 17a and 17b as non-limitingly illustrated
in Figure 1) in a manner enhancing the stiffness of the
frame 17 of the baler 10.

[0112] Intheillustrated embodiment suchinterconnec-
tion is achieved by way of perforated lugs 81, 82 by
means of which the housing 79 is bolted to interconnect
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two frame members, but as will be apparent to the person
of skill in the art such interconnection may be achieved
in a variety of alternative ways.

[0113] The layout of the components of the transmis-
sion 38 inside the housing 79 is such that the driveline
components 39, 41 defining the first transmission ratio
occupy afirst vertically extending distance in the housing
79; and the driveline components 42, 43 defining the sec-
ond transmission ratio occupy a second vertically extend-
ing distance in the gearbox housing, the upper limit of
the second vertically extending distance terminating be-
low the upper limit of the first vertically extending dis-
tance.

[0114] This means that the transmission 38 is compact
in the longitudinal dimension of the baler 10, and also
that the output of the transmission 38 is connected to the
flywheel shaft 29 at a relatively high point in the baler 10.
This provides several advantages in terms of transferring
drive input via the input shaft 27 to the location of the
plunger 23, which as mentioned is located relatively high
inside the baler 10.

[0115] Turning to Figure 3, there is shown a schematic
flow diagram of a method according to the present dis-
closure that may be implemented in the control unit 44
described above. The method is preferably used through-
out the baling process and helps in identifying and/or
preventing inadvertent bearing failures.

[0116] In a first step S102, a control unit 44 may con-
tinuously or intermittently receive load-data from one or
more load sensors of the agricultural baler. In the above
example of Figure 1, the load-data may be provided by
the load cells arranged on both sides of the drive con-
verter 31, e.g. on the first, right side conrod 36 and on
the second, left side conrod. In one example, the load
cells may be implemented as force transducers, which
provide an electric signal dependent on the force acting
on the plunger during operation. Of course, the load-data
may also be provided in any other way that provides the
control unit with information about the loads acting on
the plunger.

[0117] A typical example of load-data received in step
S102 s illustrated in Figure 4. In the embodiment of Fig-
ure 4, the load-data is a voltage measurement provided
by a load sensor, such as the load cells discussed above.
The diagram of Figure 4 shows load-data across one
reciprocating stroke of the plunger within the bale-form-
ing chamber. The movement of the plunger within the
bale-forming chamber is represented by the crankshaft
angle on the horizontal axis of Figure 4. Of course, any
other measurements representative of the movement of
the plunger, such as a crank angle or the actual position
of the plunger within the bale-forming chamber, or even
a timing of the baling process may equivalently be used.
[0118] Figure 4 shows load-data in which, for most of
the reciprocating stroke, the voltage value is below about
2.2V. These measured load values (e.g. voltage meas-
urements) may be representative of a part of the plunger
stroke during which the plunger is not in contact with the
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plant matter within the bale forming chamber. The force
measured by the load sensors and represented by the
load values of around 2.2V may be caused by friction
resisting movement of the plunger within the bale-forming
chamber, rather than due to the compression of plant
matter. Such resistance may be due to friction of the
plunger against the walls of the bale chamber or friction
within the driveline (e.g. within bearings) connecting the
plunger to the PTO shaft of the corresponding tractor 11.
[0119] A peak in load detected by the sensor is deriv-
able from Figure 4, which indicates a time period during
which the plunger is in contact with and compresses the
plant matter (e.g. a flake of crop) within the bale-forming
chamber. Of course, when the plunger contacts the plant
matter within the bale-forming chamber, the load acting
on the plunger increases, due to the reactive force of the
compressed plant material. This causes a steep rise of
load determined by the load cells. When the plunger is
fully extended and thus applies the highest compressive
load to the plant matter, a high-point M is reached. The
high-point M, at which a maximum load (represented by
about 3.5V load sensor Voltage) acts on the plunger, is
a turning point. From this high-point M onwards, the
plunger is retracted, resulting in a drop of plunger load
as can be derived from Figure 4.

[0120] Once the plunger has been fully removed from
the plant matter, the load values determined by the load
sensor drop to the base value of around 2.2V, again.
These base values of 2.2V are observed when the plung-
er is not in contact with the plant matter. Load values that
are measured during a phase of the stroke when the
plunger is not in contact with the plant matter may be
considered as "non-contact-load-values". In other words,
the "non-contact-load-values" are load values received
when the plunger is moving freely within the bale forming
chamber. Collectively, the "non-contact-load-values"
make up "non-contact-load-data”, which is representa-
tive of load-data during each phase of the stroke when
the plungeris notin contact with the plant matter. It should
be appreciated that the magnitude of the non-contact-
load-values (i.e. theload values during non-contact phas-
es) may change depending on the position of the plunger
within the bale forming chamber. Furthermore, the mag-
nitude of the non-contact-load-values may also change
depending on internal resistances/friction within the
driveline moving the plunger through the bale forming
chamber. In general, the magnitude of the non-contact-
load-values will increase with increasing resistance with-
in the driveline. By contrast, the smoother the baler runs,
the lower the magnitude of the non-contact-load-values
will be.

[0121] Inoneexample, the non-contact-load-data may
be defined as load values measured by the load sensors
during retraction of the plunger. It will be appreciated that
most of the retraction cycle of the plunger will be a plunger
motion in which the plunger is not in contact with the plant
matter, such that most of the load values read by the load
sensors during retraction may be considered as non-con-
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tact-load-values.

[0122] There may be various ways of identifying when
the plunger is retracting in the bale forming chamber. In
one example, an angular position of the crankshaft or the
corresponding crank member driving the plunger may be
used by a control unit as plunger-position-data which is
representative of a position of the plunger within the bale
chamber. This plunger-position-data may thus be used
to identify when the plunger is moving away from the
plant material, i.e. retracting, given that a full rotation of
the crankshaft and/or the corresponding crank corre-
sponds to a full cycle of reciprocating motion of the plung-
er within the bale chamber. The angular position of the
crank or the crankshaft can be used to determine the
position of the plunger within the bale chamber.

[0123] The above may be used by a control unit to de-
termine the non-contact-load-data within the load-data
provided by the load sensors. In particular, the control
unit may define any load values received from the load
sensor in certain angular positions (e.g. 0-100 degrees
and 290 to 360 degrees in Figure 4) as non-contact-load-
data. To this end, the angular positions may be prede-
termined by the manufacturer (or the operator) so as to
be representative of angular positions in which the plung-
er is not expected to be in contact with the plant matter.
[0124] Turning back to the embodiment of Figure 4,
there are shown two parts of the plunger stroke, during
which the plunger is expected not to be in contact with
the plant matter. In a first interval 202, which may range
between crankshaft angles of 0 degrees and 100 de-
grees, the plunger is not in contact with the plant matter
and so it is expected that during this range of the crank-
shaft/plunger movement, the load values received from
the load sensors will be non-contact-load-values. The
first interval 202 may be representative of a plunger ex-
tension before plant matter is contacted.

[0125] A second interval 204, which may be between
crankshaft angles of 290 degrees and 360 degrees de-
scribes another phase, during which the plunger is not
in contact with the plant material. The second interval
may be representative of a plunger retraction, after the
plunger is no longer in contact with the plant matter. Ac-
cordingly, just like the first interval 202, the second inter-
val 204 marks a phase during the operation in which the
load values received from the load sensor are considered
to be non-contact-load-values.

[0126] It will be appreciated that the start and end an-
gles of the intervals 202 and 204 may vary depending on
the definition of the angular starting position of the crank-
shaftand the corresponding position of the plunger within
the bale forming chamber. For example, in the embodi-
ment of Figure 4, the crankshaft angle of 0 degrees may
be set to coincide with the beginning of the plunger ex-
tension step, i.e. before plant matter is engaged by the
plunger within the bale forming chamber. In this embod-
iment, the first 100 degrees of crankshaft rotation may
not be enough to drive the plunger far enough into the
bale forming chamber to contact and compress the plant
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matter. Accordingly, all of the load values received from
the load sensors during the first interval 202 may be con-
sidered non-contact-load-values.

[0127] Shortly after a 100 degrees of crankshaft rota-
tion, e.g. at a crankshaft angle of around 150 degrees,
the plunger willengage with the plant matter. At this point,
the load values detected by the load sensors willincrease
sharply as the plant matter is compressed by the plunger.
The load values will increase until a maximum load value
of around 3.5V has been reached at a high-point M. In
the example of Figure 4 the maximum load (e.g. maxi-
mum compression) is reached at an angular position of
the crankshaft of around 200 degrees. This high-point M
also coincides with the transition of the plunger move-
ment between extension and retraction.

[0128] Asthe crankshaftis rotated further than 200 de-
grees, the plunger is retracted, i.e. removed from the
plant matter, such that the load values start to decrease
again. The load values decrease until the plunger is no
longer in contact with the plant matter, which, in this ex-
ample, is at around 255 degrees of crankshaft rotation.
Any rotation of the crankshaft over 255 degrees, i.e. any
further retraction of the plunger from the bale forming
chamber, will no longer be in contactwith the plantmatter,
such thatanyload values determined by the load sensors
at crankshaft angles higher than 255 degrees may again
be considered to be non-contact-load-values until the
plunger stroke has been fully completed at 360 degrees.
[0129] It will be understood that the first and second
intervals 202, 204 are examples of angular ranges of
crankshaft rotation that may confidently be considered
as phases during the plunger stroke in which the plunger
is not in contact with plant matter. A control unit may thus
consider any load value determined during these two in-
tervals 202, 204 as non-contact-load-values. The firstin-
terval 202 returns non-contact-load-values that are act
on the plunger during the extension, whereas the second
interval 204 returns non-contact-load-values that act on
the plunger during the retraction. In the example of Figure
4, the load values during the first and second intervals
202, 204 are roughly identical (around 2.2V). However,
it will be appreciated that the load values determined dur-
ing the two intervals 202, 204 may also differ significantly
due to different resistances to the plunger motion be-
tween the extension and the retraction phases.

[0130] There may be various other ways of defining
phases of the plunger stroke in which the load sensors
return non-contact-load-values. In one example, the con-
trol unitmay use image-data from an optical sensor within
the bale forming chamber to determine whether or not
the plunger is currently in contact with plant matter. Ac-
cordingly, the control unit may define any load values
received from the load sensors at the time when the
plunger is not in contact with the plant matter (e.g. as
confirmed by the optical sensor), as non-contact-load-
values, which are thus part of the non-contact-load-data.
In the example of Figure 4, however, the control unit will
automatically define any load value determined during
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one of the two intervals 202, 204 of each stroke as non-
contact-load-values. The angular ranges, during which
the control unit will expect to receive non-contact-load-
values, may be predefined by the manufacturer and/or
the operator. In other words, the control unit may receive
load-data that includes load-values and the correspond-
ing plunger-position-values. The control unit may define
any of the load-values that are received in plunger posi-
tions within the predetermined (non-contact) plunger-po-
sition-ranges as non-contact-load-values.

[0131] The non-contact-load-data does not necessar-
ily need to be based on ranges of crankshaft angles.
Rather, any measurements representative of the plunger
movement within the baler chamber may be employed
to predetermine which load values are defined as non-
contact-load-values by the control unit. These ranges
may be intervals of crankshaft angles, crank angles, or
even time intervals, all of which are representative of the
position of the plunger within the bale chamber. These
angle or time values may be provided to the control unit
as plunger-position-data throughout the operation of the
baler. Accordingly, the control-unit may be configured to
define certain range (i.e. angles or times) of the plunger-
position-data as intervals in which non-contact-load-val-
ues will be received from the load cells.

[0132] In view of the above, it will be understood that
the load-data may comprises one or more of the load
sensor voltage over the crankshaft angle, the load sensor
voltage over time, and the load sensor voltage over the
plunger position. Accordingly, the control unit may either
use one or more ranges of crankshaft angles (as ex-
plained above), or one or more time intervals, or one or
more ranges of plunger locations as pointers for identifi-
cation of non-contact-load-values within the load-data.
[0133] Turning back to Figure 3, the method of the
present disclosure includes a second step S104 for de-
termining a bearing-status-signal. The bearing-status-
signal is indicative of a wear status of a bearing on the
baler, and is determined on the basis of the load-data
received. In one example, the bearing-status-signal may
be indicative of the wear status of bearings arranged on
the conrods of the baler that connect the crank members
of the crankshaft with the plunger. This is on the basis
that the loads measured by the load cells will change as
the bearings deteriorate. Generally, as the bearings de-
teriorate, the load values determined by load cells will
increase, such that unexpectedly high load values may
be used as an indicator for bearing failure, which may
then be used to produce a corresponding bearing-status-
signal.

[0134] The bearing-status-signal may be determined
on the basis of parts of the load-data, such as the non-
contact-load-values described above. Alternatively, the
bearing-status-signal may be determined on the basis of
the entire load-data provided to the control unit. That is,
during step S104, the control unit may either compare
parts of or the entire load curve of the load-data depicted
in Figure 4 with expected load values to determine the
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bearing-status-signal. In the following, however, deter-
mination of a bearing-status-signal taking into consider-
ation the second interval 204 only shall be described in
more detail, as this approach may provide more accurate
results than a comparison of the full load-data to an ex-
pected load curve.

[0135] As described above, when considering suitable
parts of the load-data, a first step in determining the bear-
ing-status-signal may be an identification of non-contact-
load-values within the load-data provided to the control
unit. In the following example, the control unit may identify
any load values presented in the load-data that fall within
the second interval 204 as non-contact-load-values for
the determination of the bearing-status-signal. As men-
tioned before, the non-contact-load-values of the second
interval 204 of the embodiment shown in Figure 4 are
expected to be around 2.2V and, in any case, no high-
erthan 2.5V. This is because in the angular range of the
second interval 204 (i.e. between 290 degrees and 360
degrees of crankshaft rotation) no contact between the
plunger and the plant matter within the bale forming
chamber is expected, such that the loads determined by
the load sensors are mainly due to the friction within the
driveline between the load sensors and the plunger or
between the plunger and the walls of the bale chamber.
If this non-plant-matter-contact-friction increases due to
mechanical failure of one or more of the driveline parts
(e.g. the bearings connecting the conrods to the plunger
and/or the crank arm), the load values for the second
interval 204 of the plunger stroke may increase, thereby
providing an indication of mechanical failure. In most cas-
es, an increase in load in the non-contact-load-values is
due to bearing deterioration or even bearing failure.
[0136] Inview oftheabove, the presentdisclosure sug-
gests monitoring the non-contact-load-values in order to
detect bearing failure before it significantly affects the
operation of the baler and/or to mitigate negative impacts
of bearing failure as swiftly as possible. To this end, the
method of the present invention compares one or more
of the non-contact-load-values (e.g. the load values with-
in the second interval 204 of Figure 4) to a first predeter-
mined load threshold, such as a first load threshold X
indicated in Figure 4. The first predetermined load thresh-
old X of Figure 4 is set to 2.5V. As explained above, this
load value of 2.5V indicates a load that should never be
reached during non-contact phases of the plunger stroke,
unless there is a mechanical failure within the driveline
between the load cells and the plunger. As will be appre-
ciated, none ofthe non-contact-load-values in the second
interval 204 of Figure 4 exceed the first load threshold
X. Accordingly, the control unit may determine a bearing-
status-signal indicating that no maintenance of the bear-
ings isrequired, and the operation may proceed normally.
Generally, Figure 4 shows an example of a typically ex-
pected load-data signal throughout the entire stroke of
the plunger. Accordingly, the load-data signal of Figure
4 does not indicate a bearing failure within the driveline.
[0137] An example of load-data showing a sudden
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bearing failure is shown in the embodiment of Figure 5.
Figure 5 illustrates the load sensor voltage (in mV) over
time for a number of strokes during a typical baling proc-
ess. Figure 4 shows three different peak clusters, such
as the first peak cluster 302. Each peak cluster may be
representative of the compression of one flakes within
the bale chamber. The first peak cluster, for example,
shows ten peaks, indicating that ten plunger strokes were
completed during the first peak cluster 302. Similar to the
intervals 202, 204 shown in Figure 4, the load peaks of
Figure 5 are connected by load troughs, such as a first
trough 304, corresponding to non-contact-load-values.
Thefirst peak cluster 302 does not show any irregularities
on any of the non-contact-load-values that are shown as
troughs.

[0138] As will be appreciated, all of the troughs (e.g.
non-contact-load-values) show load values below 2.5V,
i.e. below the first predetermined threshold X. Accord-
ingly, during the first peak cluster 302, the load-data does
not indicate a bearing failure and so the control unit will
generate bearing-status-signals indicating that the wear
status of the bearing is as expected.

[0139] The bearing status is as expected until a time
t1, at around 51 minutes and 44 seconds, at which a
sharp rise in load values is derivable from the load-data.
The load values after time t1 significantly exceed the first
threshold X, even during plant matter compression phas-
es of the plunger stroke. In the example of Figure 4, the
loads after time T1 have reached a magnitude of 7V,
which may be indicative of a sudden bearing failure that
requires immediate attention. Bearing failures, particu-
larly within the conrod bearings of the plunger, are ex-
tremely dangerous due to a likely temperature increase
within the bearings that can easily lead to fires within the
baler due to the highly flammable dried plant matter within
the machine.

[0140] The control unit may identify this bearing failure
very swiftly, e.g. within milliseconds (i.e. less than one
stroke) and react accordingly. In one example, if the non-
contact-load-values, such as the load values shown in
the second interval 204 in Figure 4, only exceed the first
threshold X by a predetermined amount (e.g. higher than
the first threshold X but less than a second threshold
described below with reference to Figure 5), the control
unit may determine a bearing-status-signal that is indic-
ative of a bearing starting to deteriorate and may not yet
require shut down of the entire agricultural baler. Instead,
the control unit may be configured to automatically alarm
the operator if one or more of the non-contact-load-val-
ues exceed the first predetermined load threshold and
stay below a second threshold Y, which will be explained
in more detail below. Alternatively, or additionally, the
control unit may automatically request a bearing service
if one or more of the non-contact-load-values are be-
tween the first predetermined load threshold X and the
second predetermined load threshold Y. To this end, the
control unit may be able to determine a bearing-status-
signal that indicates that maintenance on the bearings,
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such as the conrod bearings, of the baler is required. The
control unit may, on the basis of such a bearing-status-
signal, generate a maintenance-signal to inform the op-
erator or the manufacturer (e.g. via transmitters of the
agricultural baler or the tractor) when one or more of the
non-contact-load-values are between the first and sec-
ond thresholds X, Y. Alternatively, the control unit may
be configured to determine a bearing-status-signal that
may be applied to shut down the baler instantly as soon
as one or more of the non-contact-load-values exceed
the first threshold X, even if they do not exceed the sec-
ond threshold Y.

[0141] In the scenario of Figure 5, the significant load
increase attime T1 may indicate that a full bearing failure
has occurred, such that the bearing-status-signal deter-
mined by the control unit may indicate that a baler shut
down is required. Consequently, in some embodiments,
the control unit may also compare the non-contact-load-
values to a second predetermined load threshold Y,
which is higher than the first load threshold X. If the non-
contact-load-values exceed the second predetermined
load threshold Y (and thus also the first threshold X), the
control unit may determine a bearing-status-signal that
may be applied to automatically stop an operation of the
agricultural baler. The second load threshold Y in this
example may be set to around 5V. The second load
threshold Y may be higher than any of the peak load
values expected when compressing plant matter during
normal operation, i.e. without bearing failures.

[0142] Various ways of stopping the baler in case of
an emergency, e.g. if one or more of the non-contact-
load-data values exceed the first or second predeter-
mined threshold X, Y, are described in detail below with
reference to the baler 10 described in Figures 1 and 2.
[0143] As a primary remedial action, in case the load
values exceed the first and/or the second threshold X,
Y, the control unit 44 can command disengagement of
the first transmission clutch 49, thereby disengaging the
driveline via the first transmission ratio. When the first
transmission clutch 49 is a solenoid-driven spooled wet
clutch, as is preferred, such disengagement may be ef-
fected very rapidly, before the bearing failure causes se-
rious damage such as internal fires.

[0144] Atthe same time as disengaging the clutch 49,
the control unit 44 may take further remedial action and
use the brake 58 of the transmission 38 to actively brake
the flywheel 28 so as to stop the plunger operation as
quickly as possible. It should be appreciated that disen-
gagement of the clutch will interrupt power supply from
the input shaft 27 to the flywheel 28 and ultimately to the
plunger 23. However, the PTO shaft 13 may still continue
to provide power to one or more hydraulic pumps (not
shown), which are arranged in front of the transmission
38. Therefore, the ability to disconnect the clutch 49 to
stop the plunger operation does not affect the working of
the hydraulic pumps of the baler 10. The hydraulic pumps
may, thus, still be used to pump cooling fluid around the
baler, thereby decreasing heat generation and fire haz-
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ards. The pumps may also be used to supply hydraulic
fluid to the brake 58 to slow the flywheel 28 more effec-
tively if a bearing failure is detected.

[0145] The listing or discussion of an apparently prior-
published document in this specification should not nec-
essarily be taken as an acknowledgement that the doc-
ument is part of the state of the art oris common general
knowledge.

[0146] Preferences and options fora given aspect, fea-
ture or value of the invention should, unless the context
indicates otherwise, be regarded as having been dis-
closed in combination with any and all preferences and
options for all other aspects, features and parameters of
the invention.

Claims
1. An agricultural system comprising:
an agricultural baler (10) comprising:

a bale-forming chamber (22);

a plunger (23) movable in a reciprocating
manner within the bale-forming chamber
(22) for compressing plant matter in the
bale-forming chamber (22); and

adriveline for moving the plunger within the
bale-forming chamber (22), wherein the
driveline comprises at least one bearing;

a control unit (44) configured to:

receive load-data indicative of a load acting
on the plunger during operation of the baler;
and

determine a bearing-status-signal indica-
tive of wear status the bearing, on the basis
of the load-data.

2. The agricultural system of Claim 1, wherein deter-
mining the bearing-status-signal comprises identify-
ing non-contact-load-values, representative of load
values of the load-data that correspond to phases
during the plunger operation in which the plunger
(23) is not in contact with plant matter.

3. The agricultural system of Claim 2, wherein the non-
contact-load-values correspond to load values of the
load-data during retraction of the plunger (23).

4. The agricultural system of Claim 2 or 3, wherein the
driveline comprises at least one crank member (33)
for converting rotational motion of a crankshaft (33)
into a reciprocating motion of the plunger (23), and
wherein identifying non-contact-load-values com-
prises identifying load-data associated with prede-
termined angular positions of the crank (33) or the
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10.
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12.

24
crankshaft (32).

The agricultural system of any of Claims 2 to 4,
wherein determining the bearing-status-signal com-
prises comparing one or more of the non-contact-
load-values to a first predetermined load threshold.

The agricultural system of Claim 5, wherein the con-
trol unit (44) is configured to generate a mainte-
nance-signal for informing the operator and/or re-
questing a bearing service if one or more of the non-
contact-load-values exceed the first predetermined
load threshold.

The agricultural system of Claim 5 or 6, wherein de-
termining the bearing-status-signal comprises com-
paring one or more non-contact-load-valuestoasec-
ond predetermined load threshold, and wherein the
control unit (44) is configured to automatically stop
an operation of the agricultural baler, if one or more
of the non-contact-load-values exceed the second
predetermined load threshold.

The agricultural system of Claim 5 or 7, wherein the
driveline comprises at least one clutch (49, 52) ar-
ranged between an input shaft (27) and a flywheel
(28) of the baler, and wherein the control unit (44) is
configured to automatically disengage the clutch (49,
52), if one or more of the non-contact-load-values
exceed the first or the second predetermined load
threshold.

The agricultural system of Claims 5, 7 or 8, wherein
the driveline comprises at least one brake (58) be-
tween an input shaft (27) and a flywheel (28) of the
baler, and wherein the control unit (44) is configured
to automatically activate the break (58), if one or
more of the non-contact-load-values exceed the first
or the second predetermined load threshold.

The agricultural system of any of Claims 1 to 9,
wherein the agricultural baler comprises a sensor
arrangement for generating the load-data, the sen-
sor arrangement comprising at least one load sensor
configured to determine values of the load-data dur-
ing operation of the baler.

The agricultural system of Claim 10, wherein the
driveline comprises at least one crank member (33)
for converting rotational motion of a crankshaft (33)
into a reciprocating motion of the plunger (23), and
wherein the at least one load sensor is arranged be-
tween the at least one crank member (33) and the
plunger.

The agricultural system of Claim 11, wherein the
driveline comprises at least one conrod (36) for con-
necting the at least one crank member (33) to the
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plunger, wherein the conrod (36) has a first end con-
nected (34) to the at least one crank member (33)
via the at least one bearing, and/or wherein the con-
rod (36) has a second end (27) connected to the
plunger via the atleast one bearing, and wherein the
load sensor is connected to the at least one bearing.

The agricultural system of any of Claims 10 to 12,
wherein the at least one load sensor is a force trans-
ducer for converting the plunger load into an electri-
cal signal.

A computer-implemented method for controlling an
agricultural baler, said baler (10) comprising:

a bale-forming chamber (22);

a plunger (23) movable in a reciprocating man-
ner within the bale-forming chamber (22) for
compressing plant matter in the bale-forming
chamber (22);

a driveline for moving the plunger within the
bale-forming chamber (22), wherein the drive-
line comprises at least one bearing;

wherein the method comprises:

receiving load-data indicative of a load act-
ing on the plunger during operation of the
baler; and

determining a bearing-status-signal indica-
tive of wear status the bearing, on the basis
of the load-data.

A computer program configured to perform the meth-
od of any of Claim 14 or to configure the control unit
(44) of any of Claims 1 to 13.
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